Persons infected with human immunodeficiency virus (HIV)
and histologically identical to HLP but that are not EBV inare prone to opportunistic infections, and many of these infecfected have been termed pseudo-HLP (PHLP) [8] . It is unclear tions occur in the oral mucosa [1, 2] . Members of the herpesviwhether PHLP is the result of opportunistic infection or of rus family frequently cause oral lesions in HIV-infected or proliferation secondary to other undefined alterations of the iatrogenically immunosuppressed persons. Within the subfamtongue epithelium. ily Gammaherpesvirinae, 2 viruses, Epstein-Barr virus (EBV) EBV, a ubiquitous HHV, is present in ú90% of the populaand the recently discovered Kaposi's sarcoma (KS) -associated tion worldwide and has been implicated in both lymphoid and virus (also designated human herpesvirus 8 ), have epithelial neoplasms [9, 10] . These malignancies include Burboth been linked to oral lesions that are diagnostic of AIDS.
kitt's lymphoma, nasopharyngeal carcinoma, posttransplant Oral hairy leukoplakia (HLP) is a white hyperkeratotic prolymphomas, peripheral T cell lymphomas, and Hodgkin's liferative lesion that usually develops on the lateral tongue disease [10] . EBV infection also occurs in a subset of AIDSborder [3] . It is predominantly associated with HIV infection, associated Burkitt's, Hodgkin's, and non-Hodgkin's lymphooccurring in 24% -33% of AIDS patients [4, 5] . An indicator mas [11, 12] . EBV is present in all AIDS-related central of AIDS progression, HLP is often apparent when CD4 cell nervous system lymphomas and has been detected in most AIDScounts are below 300 cells/mm 3 . HLP also occurs in non -HIVrelated lymphomas that occur within the oral cavity [13, 14] . infected immunocompromised patients and rarely in immunoDevelopment of the multifocal vascular tumor KS is considcompetent persons [6] . The HLP lesion contains the linear form ered diagnostic of AIDS progression. HHV-8 was first identiof the EBV genome, which is detected at high copy number fied in KS tissue by representational differential analysis and by Southern blot, and is the only known pathology associated is associated not only with AIDS-related KS but also with with permissive EBV infection [7] . The presence of EBV is classical KS and KS acquired by allograft recipients [15 -18] . considered diagnostic for HLP lesions, while lesions clinically
The initial presentation of KS in HIV-infected persons often occurs in the mouth; there is oral cavity involvement in 71% of AIDS patients who develop this neoplasm [4, 19] . One study has suggested HHV-8 infection may be ubiquitous, since HHV- Cloning of PCR products. The 233-bp band representing least 2 clinicians. Patients with a history of oral candidiasis were HHV-8 was isolated by gel electrophoresis, purified by use of the given antifungal therapy for at least 14 days before the surgical Qiaex kit (Qiagen, Chatsworth, CA.), further amplified, cloned biopsy. Specimens were immediately frozen and stored at 080ЊC.
into the pcDNA3 plasmid vector, and sequenced using dideoxy-A portion of each biopsy was fixed in formalin and sent to the nucleotide chain termination with a-
35
S-labeled ATP (Amersham) Department of Pathology (UNC Hospitals) for diagnosis by hemaand enzyme (Sequenase, version 2; United States Biochemical, toxylin-eosin staining and light microscopy. Peripheral blood was Cleveland). The sequencing reactions were primed with oligonuobtained by routine venipuncture, and lymphocytes were separated cleotides matching the HHV-8 5 and 3 primer sequences, and by a Ficoll step gradient. Throat wash samples were obtained by the reaction products were separated through an 8% denaturing having patients gargle with 10 mL of sterile PBS; material was polyacrylamide gel (Long Ranger; AT Biochem, Malvern, PA) collected by centrifugation. Tongue scrapings were collected and with 25% formamide. placed in 10 mL of sterile PBS and processed in a manner similar to that for the throat wash samples.
Nucleic acid isolation. Frozen tissue was pulverized and dis- dilutions of Raji DNA, a latently infected EBV-positive Burkitt blot analysis, 4 contained EBV-2 (lymphomas L8, OL11, OL12, and OL16; table 1). HHV-8 was not detected in any of the lymphoma control cell line. Of the 17 samples, 3 were not EBV positive by Southern blot; they were defined as PHLP EBV-positive AIDS-associated lymphomas. Of interest, HHV-8 was detected in a lymphoma (sample L15) from a person (PHLP1 -3; figure 2A ). The data for all samples, including those not presented in figures, are summarized in table 1. who was not infected with HIV but was infected with human T cell leukemia virus type I (HTLV-I) (figure 3B, lane 18). EBV-2 has been identified more frequently in HIV-infected patients than in healthy HIV-seronegative controls, and HLP This lymphoma was EBV-positive by PCR, but sufficient DNA was not available for Southern blot analysis. lesions are frequently coinfected with both types of EBV [35] . Therefore, the type of EBV within the lesions was determined Of 7 AIDS lymphomas that were negative for EBV by Southern blot analysis (L1 -L7), 4 had EBV-2 detected by PCR, by amplification of the 3 region of the EBNA -3C gene [34] . PCR amplification of this region produces distinctly sized prodpossibly due to infiltration of the tumor by EBV-infected lymphocytes. HHV-8 was not detected in any of these lymphomas ucts for EBV-1 (153 bp) and EBV-2 (246 bp); however, sequence homology between the type 1 and type 2 probes results (figure 3B). The absence of HHV-8 in both EBV-positive and EBV-negative solid lymphomas suggests that infection with in some cross-hybridization. B95-8, an EBV-positive B cell line, was used as a positive control for EBV-1 DNA, and HHV-8 is unique to the body cavity -based lymphomas. Viral infection in patients with multiple oral pathologies. amplification of actin was included as a positive control for DNA quality. Type 1 and type 2 EBV DNAs were detected in Multiple oral cavity pathologies often develop in AIDS patients, and in this study, 4 persons with HLP and other oral 14 HLP samples (type 1 in 6; type 2 in 10), and 2 of the specimens (HL9 and HL15) were coinfected with both types mucosal lesions were analyzed. One subject (patient A) presented with bilateral HLP and an oral lymphoma located in the 1 and 2 ( figure 2B, table 1 ). In the 3 PHLP samples, EBV-2 was detected by PCR analysis. The detection of EBV by PCR region of the right retromolar trigone. Southern blot analysis of the HLP lesion revealed permissive infection as indicated but not by Southern blot may be due to the presence of EBVinfected lymphocytes or virus in saliva.
by the characteristic ladder array of EBV DNA (figure 4A). A single fragment representing clonal EBV was detected in the This same set of lesions was screened by PCR for sequences representing the minor capsid coding region of HHV-8: HHVpatient's lymphoma, and abundant high-molecular-weight fragments were detected in the peripheral blood lymphocytes (fig-8 was not detected in the 14 EBV-positive HLP samples or the 3 PHLP samples, but actin was efficiently amplified (figure ure 4A). EBV typing by PCR indicated that the HLP, the peripheral blood lymphocytes, and the oral lymphoma all con-2B). HHV-8 was readily detected in an oral KS biopsy (figure 2).
tained EBV-2. Consistent with results from the other samples, HHV-8 was not detected in any of these specimens ( figure 4B ).
EBV and HHV-8 infection in AIDS-associated lymphomas.
Because HHV-8 and EBV have both been detected in body A second subject (patient B) presented with bilateral HLP and an oral KS lesion localized to the posterior portion of cavity -based lymphomas, a panel of AIDS-associated malignancies was tested for the presence of EBV and HHV-8 [28] .
the left hard palate. Although permissive EBV infection was detected within the HLP lesion by Southern blot, EBV DNA Of 15 lymphomas, 8 were EBV-positive by Southern blot analysis and contained clonal EBV DNA (table 1). Figure 3 cloning and sequencing of the PCR-generated product (data 5B). EBV DNA was not detected by Southern blot in the KS lesions or in the peripheral blood lymphocytes; however, ladder not shown).
Oral lesions are often the first manifestation of KS. Two arrays representing linear virion DNA were detected in throat washings from these patients ( figure 5A ). This indicates that additional HIV-positive subjects were identified with oral KS in the palatal region (patients F and G). HHV-8 was detected EB virus was relatively abundant in the throat wash samples. EBV was also detected by PCR in the KS sample, throat washin their KS lesions and at very low levels in a throat wash sample from patient F; it was not found in peripheral blood ings, and tongue scrapings from these patients (data not shown). The detection of EBV by PCR in most of the oral lesions tested lymphocytes or tongue scrapings from these patients (figure 
EBV was detected by Southern blot terminal repeat analysis, EBV types 1 and 2 (EBV-1, EBV-2) were determined by polymerase chain reaction (PCR), and HHV-8 was detected by PCR. * indicates PCR detection of EBV, using latent membrane protein-1 primers. Bold letters identify samples from same patient. ND Å not done.
is likely due to the presence of EBV in the salivary component 2 patients whose washings were analyzed (data not shown). In contrast, HHV-8 was not detected in any of the oral lesions of the oral tissues.
HIV-positive persons develop severe and persistent ulcerother than oral KS (table 1) . These data indicate that despite the abundant presence of ations of the oral cavity and other regions of the gastrointestinal tract [1, 2] . Patient C presented with bilateral HLP and an oral replicating EBV within HLP lesions, the virus does not infect and replicate within coexisting lesions, including aphthous ulaphthous ulcer that was 5 -7 mm in diameter and located in the right mandibular buccal vestibule ( figure 4 ). An array of cer and KS lesions. These data also reveal that EBV is readily detectable in salivary secretions in this HIV-positive population fragments representing linear EBV DNA was detected by Southern blot in the HLP lesion but not in the oral aphthous and can be detected by PCR in most lesions, while HHV-8 was detected only in KS lesions and, in a trace amount, a throat ulcer, although EBV-2 was detected in both by PCR ( figure  4A ). HHV-8 was not detected in either lesion. PCR analysis wash sample from a patient with oral KS. of lesions from patient D, who similarly presented with bilateral Discussion HLP (HL2) and esophageal aphthae, detected EBV-2 in both lesions but not HHV-8 (table 1) . In summary, EBV was deOral mucosal lesions cause significant morbidity in AIDS patients and are often an initial indicator of HIV infection [1, 2] . tected by PCR in samples from 7 of 9 patients with aphthous lesions of the oral cavity and the upper aerodigestive tract and
The presence of EBV DNA is diagnostic for the oral mucosal proliferative lesion HLP, which is the only clinical example of was detected by Southern blot in throat wash samples of the / 9d2a$$ju21 05-01-97 13:27:51 jinfa UC: J Infect a permissive EBV infection [3, 7] . It is thought that HLP lesions KS, the most common oral neoplasm in HIV-infected persons, is often multicentric, affecting the skin, viscera, lymph subsequently become infected with additional, exogenous EBV strains because they contain both EBV-1 and EBV-2 and benodes, and oral cavity, and patients often initially present with KS lesions in the mouth [4, 5] . This vascular lesion is cause multiple EBV strains and variants are present, which may differ between individual lesions from a single patient thought to arise from the endothelium of blood vessels or lymphatics [37] . In this study, EBV was detected within oral [35] . Although HLP lesions contain abundant EBV virion DNA, which has been shown to be infectious [36] , the data in KS lesions only by PCR; however, it could also be detected on Southern blots prepared with DNA obtained from throat this study reveal that other oral lesions simultaneously present in patients with HLP do not become infected with EBV. Thus, washings. Therefore, it is likely that the detection of EBV in the oral KS lesions represents the presence of virus possibly the ability of additional EBV strains to infect and superinfect oral lesions is unique to HLP. The presence of an ulcerative produced in HLP or from normal salivary shedding. It is also possible that EBV-infected peripheral blood lympholesion that allows exposure of mucosa, submucosa, or basal epithelium to virus is apparently not sufficient for EBV infeccytes may be present within the vascular KS lesion. In contrast, although an oral KS lesion from 1 patient contained tion and replication to proceed. This suggests that a unique aspect of EBV infection in the initial HLP lesion enables subse-HHV-8, the virus was not detected in an adjacent HLP and was only detected at a low level in the patient's saliva, quent infection by additional EBV strains.
/ 9d2a$$ju21
05-01-97 13:27:51 jinfa UC: J Infect suggesting that HHV-8 is not secreted into saliva in abundant represent a lytic manifestation of HHV-8 infection. In addition, the absence of HHV-8 in PHLP indicates that it does not conamounts.
Oral ulcers in HIV-positive patients are often severe and tribute to the development of this novel pathology. In AIDS-associated lymphomas that are associated with EBV prolonged, leading to significant morbidity [1] . The absence of HHV-8 in aphthous ulcers indicates that these lesions do not infection, clonal EBV can readily be detected by Southern blot / 9d2a$$ju21 05-01-97 13:27:51 jinfa UC: J Infect in a lymphoma that developed in a patient infected with HTLV-I but not HIV. HTLV-I DNA sequences and antibodies to HTLV-I proteins have been detected in non-HIV -infected KS patients [40 -2] . These findings may indicate a contribution of HHV-8 and HTLV-I to the development of neoplastic disease or could reflect a similarity in their modes of transmission. These studies indicate that of the 2 known human gammaherpesviruses present during HIV infection (EBV and HHV-8), EBV was consistently detected in oral and other tissues, while HHV-8 was only detected in oral KS and 1 lymphoma. The detection of HHV-8 in the oral KS lesion but not in other oral lesions strengthens the association of this virus with KS and suggests that if it is a ubiquitous infectious agent, it is rarely present in peripheral blood lymphocytes and is not a common opportunistic oral pathogen in the immunocompromised individual.
The absence of HHV-8 in EBV-infected AIDS-associated leukoplakia and lymphoma specimens and the absence of EBV in other oral lesions confirm the etiologic association between EBV and the HLP lesion and substantiates the association between EBV and a subset of the AIDS-related lymphomas. In addition, the absence of detectable EBV replication in other oral lesions points to a unique aspect of the HLP lesion that permits infection with multiple EBV strains and subsequent fulminant replication. 
